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(X, $d$ ) , $\Phi$ : $[0, \infty$ ) $\cross Xarrow X$ $X$ semiflow . $\Phi_{t}$ $:=\Phi(t, \cdot)$ : $Xarrow X$
. $\rho$ : $Xarrow[0, \infty$ ) $X$ . $\sigma$ $:=\rho 0\Phi$ $[0, \infty$ ) $\cross X$ $\mathbb{R}$
.
$\Phi$
$\rho$ , $\epsilon>0$ , $\rho(x)>0$ $\lim\sup_{tarrow\infty}\sigma(t, x)>\epsilon$
. $\Phi$ $\rho$ , $\epsilon>0$ , $\rho(x)>0$
$\lim\inf_{tarrow\infty}\sigma(t, x)>\epsilon$ . , $\rho$
.
$(C)$ .
(C) $\epsilon 0>0$ $X$ $B$ :. $\rho(x)\leqq\epsilon_{0}$ , $tarrow\infty$ $\Phi_{l}(x)arrow B$ , $\epsilon>0$ , $t>0$
, $s>\iota$ $b\in B$ $d(\Phi(s,x),$ $b$ ) $<\epsilon$ .
$\bullet$ $\epsilon_{1}\in(0, \epsilon_{0})$ , $B\cap\rho^{-1}[\epsilon_{1}, \epsilon_{0}]$ .
Theorem 2.1 ( , $\rho(s)>0$ $\sigma(t, x)>0$ $t\geqq 0$
. , $\Phi$ , $\Phi$ .
$[7, 9]$ .
, (X, $d$) $L^{1}$ (Si)( $S_{1}\subset \mathbb{R}^{m}$)
. , (C)
. Fre’chet-Kolmogorov $\mathbb{R}^{n}$ ([1, $Th\infty rem$ IV 821])
.
3 :
$\theta$ , $C$ $[5, (3.2)(3.4)(3.5)]$ :
$x’(t)=b\{1-x(t)\}+\gamma x(t)y(t)-x(t)D_{z}(t)+A_{z}(t)$ ,
$y’(t)=\gamma x(t)y(t)+x(t)D_{l}(t)-(b+k)y(t)$ ,





$D_{z}(t)$ $:= \int_{0}^{w}\delta(\theta)z(\theta, t)d\theta,$ $A_{z}(t)$ $:= \int_{0}^{\omega}\alpha(\theta)z(\theta, t)d\theta$
. $\omega$ , [5] .
42
. $b,$ $k,$ $\gamma$ . $\delta(\theta)$ $[0, \omega$ ) .
$\alpha\in(L_{10\text{ }}^{1})_{+}(0, \omega)$ $\int_{0}^{\omega}\alpha(\theta)d\theta=\infty$ . $z$ , $\theta$ $\omega$
$x$ .
,
$\mathcal{R}_{0}$ $:= \frac{\gamma+\int_{0}^{\omega}\delta(\theta)ke^{-b\theta}\Gamma(\theta)d\theta}{b+k}$ (3.2)
. $\Gamma(\theta)$ $:= \exp(-\int_{0}\alpha(\tau)d\tau)$ .
(3.1) semiflow . $\Omega$
$\Omega:=\{(x, y, z)\in \mathbb{R}+\cross \mathbb{R}_{+}xL_{+}^{1}(0,\omega)|x+y+\Vert z\Vert_{1}=1\}$ ,
. .
ProPosition 3.1 (S.1) $\Omega$ semiflow $\Phi$ .
$(x, y, z)\in\Omega$ $t\geqq 0$
$\rho(x, y, z):=y+\Vert z\Vert_{1}$ , $\sigma(t, (x, y, z)):=\rho(\Phi(t, (x, y, z)))$
. $\rho$ : $\Omegaarrow \mathbb{R}$ .
.
Lemma 3.2 $\rho(x_{0}, y_{0}, z_{0})>0$ , $\sigma(t, (x_{0}, y_{0}, z_{0}))>0$ $t\geqq 0$ .
, :
Lemma 3.3 $\epsilon 0$ $:=1$ , $B$ $\Phi_{T_{0}}(\Omega)$ . $To>\omega$ .
(3.1) ( .
.
Theorem 3.4 $t$) $\mathcal{R}_{0}>1$ $\rho$ .
Proof Lemma , (3.1) Theorem 2.1
. , (3.1) ,
. [8] .
$b’\geqq 0$ $\phi_{b’}(t):=\gamma y(t+b’)+D_{z}(t+b’)$ . (3.1) $\phi_{b’}(t)$ ,
:
$\phi_{b’}(t)\geqq\int_{0}^{1}\phi_{b’}(t-r)x(t+b’-r)e^{-(b+k)r}\{\gamma+\int_{0}^{r_{\delta(\theta)ke^{-b\theta}\Gamma(\theta)e^{(b+k)\theta}d\theta}}\}$ dr. (3.3)
(3.1) $\rho$ . , $\epsilon\in(0,1)$ ,
$(x_{0}, y_{0}.zo)$ $T>0$ , $\rho(x_{0}, y_{0}, \approx 0)>0$ ,




. Laplace , convolution
$\hat{\phi}_{b’+T}(\lambda)\geqq\hat{\phi}_{b’+T}(\lambda)F(\epsilon, \lambda)$, (3.4)
.
$F(\epsilon, \lambda)$ $:= \int_{0}^{\infty}e^{-\lambda r}(1-\epsilon)e^{-(b+k)r}\{\gamma+\int_{0}^{r_{\delta(\theta)ke^{-b\theta}\Gamma(\theta)e^{(b+k)\theta}d\theta}}\}dr$
. $\phi_{b’+T}$ , Laplace $\hat{\phi}_{b}’+\tau(\lambda)$ $\lambda\geqq 0$ .
, $F(O, 0)=\mathcal{R}_{0}>1$ . $F(\epsilon, \lambda)$ , $\epsilon,$ $\lambda>0$
, $F(\epsilon, \lambda)>1$ . (3.4) $\hat{\phi}_{b^{J}+}\tau(\lambda)=0$ , $\phi_{b’+}\tau(t)=0$ $[0, \infty$ )
, $y(t)=D_{\iota}(t)=0$ $t\geqq T$ .
Lemma 32 . $\blacksquare$
4 :
, , HIV [4, (2.11)]:
$(\partial_{t}+\partial_{a})x(t, a)=-\lambda(t,a)x(t,a)$ ,
$(\partial_{t}+\partial_{\tau})y(t, \tau;a)=0$ ,
$x(t,0)=1$ , $y(t,0;a)=\lambda(t,a)x(t, a)$ ,
$\lambda(t, a)=\frac{C(P(t))}{P(t)}\int_{0}^{w}\int_{0}^{b}K(a, b, \tau)y(t, \tau;b-\tau)d\tau db$ , (4.1)
$P(t)= \int_{0}^{w}Bl(a)\{x(t, a)+\int_{0}^{a_{\Gamma(\tau;a-\tau)y(t,\tau;a-\tau)d\tau}}\}da$ ,
$x(O, a)=x_{0}(a)$ , $y(O, \tau;a)=y_{0}(\tau;a)$ .
$\tau$ . $x(t, a)$ $a$ , $y(t, \tau;a)$ a $x$ $iy$
.
Assumption 4.1 (i) $\omega$ , .
(ii) $l$ : $[0, \omega]arrow \mathbb{R}$ , Lebesgue , $t(O)=1$ $l(\omega)=0$
(iii) $\Gamma$ : $\mathbb{R}_{+}^{2}arrow[0,1]$ Lebesgue , $a\in \mathbb{R}+$ $\Gamma$( $\cdot$ ; a) .
(iv) $K(a, b, \tau)$ $k_{1}(a)k_{2}(b, \tau)$ .. $a\in[0, \omega]$ $k_{1}(a)>0$ , $k_{1}(a)=0$ . , $k_{1}\in L_{+}^{\infty}(\mathbb{R})$ , $k_{1}^{\infty}$
. $k_{2}(b, \tau)\neq 0$ $(b, \tau)$ $\Delta_{0}$ $:=\{(b, \tau)\in \mathbb{R}^{2}|0\leqq\tau\leqq b\leqq\omega\}$ .
$a_{\uparrow}\in(O, w]$ , $(b, \tau)\in D_{0}$ $:=\{(b, \tau)\in\Delta 0|b-\tau\leqq a_{\dagger}\}$ $k_{2}(b, \tau)>0$ .
$\bullet$ $k_{2}\in L_{+}^{\infty}(\mathbb{R}^{2})$ , $k_{2}$ $k_{2}^{\infty}$ .





$\mathcal{R}_{0}$ $:= \frac{C(P_{0})}{P_{0}}\int_{0}^{\omega}k_{1}(z)\int_{z}^{\omega}k_{2}(b, b-z)dbdz$ , (4.2)




$\Delta:=\{(a, b)\in \mathbb{R}^{2}|a\geqq 0, b\geqq 0, a+b\leqq w\}$.
Proposition 4.2 1) $\Omega$ semiflow $\Phi$ .
, $(x, y)\in\Omega$ $t\geqq 0$
$\rho(x, y)$ $:= \int_{0}^{w}\int_{0}^{b}k_{2}(b, \tau)y(\tau;b-\tau)d\tau db$ ,
$\sigma(t, (x, y))$ $:=\rho(\Phi(t, (x, y)))$
, $\rho:\Omegaarrow \mathbb{R}$ .
, .
Theorem 4.3 $(4\cdot 1)$ $>1$ $\rho$ .
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